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l<raulhamcl”,  Stan> a n d  Radhc l)as, .loc White, l)avc  l<op,ers, l)onald  Nicracth,  and (Ihl-is Slell,
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‘1’hc cmmplcxity  of Class A Saturn-bound
Cassi ni spacmrafl  power systm stems mainly
from Ihc u n u s u a l  mnslrainls  and  dc. siy,n
mquilcmcmts  that arc imposed oIl the dcsi~, n of
its power cmtwcxlcrs, “1’hc PdctoIs  influcncill!,
lhc design include: Radioisotope ‘1’hcrma]
(icncrator  (R’I’G) as lhc clc.ctlical powcl- source
and its electrical chalactmi sticx, output  power
rcquircmcnts, environmental considerations
such as high radiation level, broa(i tcmpc]atu]-c
excursion, clccfttc)l]lagi~etic  compatibility,
con(iuclcd  susccptibi]ity  and tadiatcd  and
cmducld  missions, pulse-load opmati(m, fidul~
prdccticm, mass, volume and cfl~cicncy.

‘1’hc power convctlcr  units  (l’(; [is) dcsip,nd
for tl]c Cassini spacmraft  syslcm were sLIbjccl  to
sc.vmal  unique (unusual) design constraints in
addition to the standard rcc]uil-cmcmts  placd on
any space mission of’longdut-ation.  ‘1’hispapcv
cicsc.rilms  lhcsc design constraints, di scwsscx the
pIoblcIIIs  that alisc  from tlIcm, a n d  plcscmts
s(~l]]e  ]~c]f(~l[llat]cc(l  ata(l{cf,  1 anc12)

‘Ilc majo] d e s i g n  requilcmcnts  arc
sllt]llllariz,cd  illtllcf(~llc)m~il]f:list:
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Syl]cl]]()]]izaliot]
input/output isolation
Stringcmt  low frequency radiatd  liMl limits
C(mdudd  1 Ih4 I
MI I,-S’1”1) high frcqucmcy l{h41 ]itnits
lnpu land output  col]]l]lol]-]llc)(  lccl]]issic)]ls
1 mv-tloisc  outputs
Sin~,lc  cwcmt upset cffccls
Stlinp,cnl  pulse load ]cgulalioa  f’oI h4l1.-
S’J’1)-1SS311  1111s
‘1’lansicmt  ct oss-mgulalion
1 (Kblit-ad  (Si) Iolcrancc
1 iflicicncy  > 80°A
h4ultiplc  outputs (3 109)
12-year minimum life it] space
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Stringcmt  input impcdancc  limit
I’OWCI’  lmld-up
Commonality col)si(lclatiol)s”
input vcdtagc design range: 22-35 vcdts
(h]tput  powct I ang~c:  1-36 wat[s
No-load opt]-ation
Ovcrvdtagc  protcctiot]
l’owcv statl]s]]lot]ito]itlg,”
(~cmlponcnt  rcx[ricticms

Whilcall  tllclec]l]i]cl]  ~ct~tsli  ste(lal>[)vclla(l
10 be taken into account in Ihc dcsigy, otle
pal-liculal  subset ofmqui]cmcmts  posed spc.cial
difilcultics  bccausc of lhcir inherent ly
cc)ntradictcwy  nature. ‘1’hcm  rcquircmc.nts wcm
the it~pul impcdanc.c limitation, transicmt load
response ,  aIId tlansicnl  c.]oss-]cp,l]latio~].  ‘1’his
scdion  discusses scmc of the itn])licaticms  of
Ihcx  rccluimncnts

‘1’hc spacecraft sl)ccification  calls for an
i]]pul i]npcdancc  l i m i t  ( l o o k i n g  illt~) tl~c
Cmvcllc’1’)  C)f
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whc.rc lCIC is lhc input cmt-rcnt,cfis  frccjucncy,
and \~ljtj.Y]c]ltcsct]lsll]c  nominal l~us voltage. III
odct tc) mcxt this ]cquimncnt,  lhc cxmductcd
lLh41 specification, and provide sufficient
convcltcr  stabili ty mar~,in,  a filtcl with all
Lll]cc)llll lloll l}” 1 a“l’p,c inductance and a n
uncommonly small capacitallcx  is rcquitd.
‘1’his sc]iously impacts Ic)ad vc)lta~c tlansicnt
bchaviorj particularly itl view c)f the stringent
load t[ansicnt  tcquircmmts,  ll~~c)~]l(lillgcllctal
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‘1’he transient load fcjr N411,-STI)- 155311  HLIS

]ntcrfacc LJnit (IIILJ) occurs on the 5 Vdc output
and has a magnitude of 0,9A, Transient loads as
high as 2.7A (3 lIIUS) are required in some
I’{;LJs. This transient occurs at loads, from
approximately 10°/0 load to 100°/0 load at 10°/0
load steps, “l’he design I-cquilement is tc) keep
the 5 Vdc output entirely within a i 2°A
regulation band (100 mv) during the transient.

Another difficulty is pulse load cross-
rcgulation, i.e., disturbances caused on the
secondary outputs due to the transient loading
on the main (5 Vdc) output, For efficiency
reasons, the auxiliary outputs are magamp
regulated.  W}~en the 5 Vdc output is pulsecl,  the
c o n v e r t e r ’ s  d u t y  cycle  m u s t  i n c r e a s e
immediately in order to maintain the 5 V output,
I’his results in a large and rapid increase or
dccrcasc  in the volt-seconds applied to the
magamp. To counteract this increase, the
magamp control circuit must respond as quickly
as possible,

The use of magamps leads  to difllculties
in stabilizing the converters. Because the
converter is current-mode controlled and the
total output power of the auxiliary outputs is
near or exceeds that of the main output under
nominal conditions, t h e  magamp  i n p u t
impedance can cause severe distortion of the
converter’s loop gain, especially under light
load conditions. The interaction is most severe

near the magamp’s  filter resonance when the
input impedance is minimum. ‘1’o stabilim the
input impedance (as well as improve transient
cross regulation) wc ad(ied a second fecdbac,k
loop (I;ig. 2) that senses the volt-seconcls
applied to the filter. ‘]’his is not a feed-forwald
loop as the sense point lies after the ma~,anlp
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Figure 2. Magamp Feedback l,oop

l’hC  ~aSSiIli  SCiCIIC~  iIIStl  LllIICIltS  r~quire  VCIY

quiet power supplies, I;or example, ripple  plus
spikes must be below 5 mv p-p for pr-c~per
instrument performance. In addition, con~nlon-
mode (CM) noise has proven tc) be an insiciious
problem in past missions. in a scientific
spacecraft such as Cassini,  it is not desirable to
shunt the CM curients to the chassis using fecd-
through capacitors and baluns. ~’he currents
injcctcd  intc) the chassis are a secondary souIce
of EM I. Structure current is known from past
expmicnce to be one of the primary causes of
intcrfeIence with val-ious  scientific expel-in]cnts
particularly those involving plasma wave
science.

~ommon-rnodc  noise is caused  by parasitic
capacitive coupling between primary and
secondary transformer windi  rigs. It has been
long recognized that a prin~ary/secondary
electrostatic shield is an effective method for
reducing CM noise. }Iowcver,  it has not been
appreciated, to our knowledge, that secondary to
secondary parasitic capacitance causes
circulating “conlmon-rnode”  noise  curtcnt
between secondary outputs. “]’hese curl’ents
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which never appear in measurements of input
line CM noise (which is the. only rcquitement
levied by the spacecraft) can bc a soulce of
upset to the attached instrument,

‘1’hc method we have in~plwnentcd  does not
rcquile s}~unting  CM currents to the spacecraft
structure, does not require an liMI enclosure to
be effective, and suppresses both input and
output CM currents regardless of the number of
outputs. The filtering scheme is shown in
Figure 1, It is simply a two-stage CM filter.
Another advantage of a two-stage filter is that
the choke design is somewhat easier since the
shunt capacitance, while impel-tant, is not as
critical as it would be in a sir~gle-stage (;M
filter. in our design the second filter stage
provides an additional 40 d}] of (N4 noise
rejection. This scheme  provides little protection
against (;M currents injected into the sup[)ly
other than that provided by the series impedance
of the CM chokes. Supptcssion  of incoming
CM requires introducing a shunt path to the
chassis.

(ommon-mode requirements are specified
only for the input. O u t p u t  CM noise  is
troublesome in the many sensitive instruments
aboard Cassini.  As a result of analysis and test,
a design requirement was established in order to
keep  the  output  CM c u r r e n t  b e l o w  6
microarnperes. This was done to insure proper
operation of sensitive instruments.

The  ins t rument  des igner  has  lev ied
requirements cm the I’CLJ dcsigne.1-. Some of
these requirements are as follows: power-on-
rcset  (POR)  signal, undervoltage lockout,
overvoltage protection (+-5 Vdc output) and
maximum allocated printed circuit board (PC]])
area for the PCXJ.

It was important for cost and schedule
considerations to reuse as much of the design as
possible for each conver[cr,  PWM circuits,
housekeeping power supplies, drive circuits,
synchronize ng circuits and output regulators of
identical design were used in all converters,

The requirement to use class S components
restrict the choice of PWMS, F}{l’s,  and

magnetic materials, and magnetic COIC
geornctries.

Solid tantalum and ceramic capacitors are
USCCI  extensively in all I’(:LJs.  “l”he.y exhibit low
variation in capacitance and IISR down to -30°
C. }lc~wcwcr, the application of solid tantalum
capacitors requires detailed knowledge and
understanding of h411,-~-39003/10  and h4l1,-
II1)IJ-978-D  documents. Surge curtent rating
and parallel opcratic)n are critical characteristics
to consider. Wet slug tantalum capacitors which
have limited application have unstable
capacitance and Ii S}{ characteristics at low
temperature. As a result, they have long been
the bane c)f designs that must operate over Ia[gc
temperature ranges while  nlaintainin:,  fast
response to transient loads and low ripple
voltage lCVCIS.

l)csign Approach

IIc)th push-pull and forward convertet-
topologim were examined. I]ascd on trade-off
analyses, both topologies were used. A forwai-d
converter using synchronous rectification was
designed and built. An efficiency gain of
approximately So/O over the Schottky diode
implementation was achieved (Rcf, 3). ~’his
topology, however, was not extensively used
because of PC board area constraints. Pig. 3
shows block diagram of a {
spacecraft power converter.
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Figure 3. l;lock Diagram of a Generic Chssini

Spacecraft Power Converter


